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Purpose: B-mode imaging of a normal arterial wall shows two echo-dense lines separated 
by an echolucent zone. Immediately after carotid endarterectomy, this double-line pattern 
is no longer detectable, but it subsequently reappears in some patients. The objective of this 
study was to test the hypothesis that the postoperative double line is associated with a 
lower incidence of carotid restenosis. 
Methods: Carotid arteries were serially studied with B-mode ultrasound imaging at 2 weeks 
and 1, 2, 3, 6, 9, 12, 18, and 24 months after carotid endarterectomy. The wall of the 
common carotid artery 1 to 2 cm distal to the proximal endarterectomized shelf was 
analyzed for the presence, quality, and thickness of double lines. All hemodynamically 
significant stenoses ( _> 50% diameter reducing) were documented with standard uplex 
scanning criteria. 
Results: Twenty-four carotid arteries in 23 patients were studied for a mean of 14.7 months 
(range, 3 to 24 months). A double line developed in 21 common carotid arteries (87.5%) 
at a mean time of 3.2 months (range, 0.5 to 9.0 months) after surgery with a mean 
thickness of 0.65 mm (SD = 0.17 ram) at the time of initial detection. A single 
hemodynamically significant stenosis developed in this group. All three of the remaining 
arteries that did not form the double-line pattern developed hemodynamically significant 
stenoses. Carotid restenosis was more likely to occur in arteries that did not form double 
lines (p < 0.05, Fisher's exact est). 
Conclusions: The majority of carotid arteries re-form a double line after endarterectomy. 
These arteries are less likely to develop restenotic lesions caused by myointimal hyperplasia. 
(J VAsc SURG 1996;23:87-94.) 
Carotid endarterectomy, like all forms of inter- 
vention in the arterial system, is an insult that results 
in damage to the vascular wall. The normal response 
to arterial injury involves smooth muscle cell (SMC) 
migration, proliferation, and matrix accumulation. ~ 
In some cases, this fibroproliferative process becomes 
excessive and can result in marked arterial narrowing. 
Approximately" one fifth of  patients will develop 
hemodynamically significant stenoses after endarter- 
ectomy. 2,3 
High-definition ultrasound is an important ool 
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for evaluating the arterial wall. 4-s The normal arterial 
wall has two echo-dense lines separated by an 
echolucent zone. The distance between the leading 
edges of the inner and outer lines has been shown to 
correlate well with the thickness of the intima plus 
media. 9 In patients with early atherosclerosis, the 
thickness of  this "double line" is increased, 5 and as the 
atherosclerotic process progresses, the inner line 
becomes obscured as complex plaques begin to 
develop. 
Immediately after carotid endarterectomy, a 
double line is no longer evident. Many patients, 
however, will reestablish this pattern within a few 
weeks of surgery. The objectives of  this study were to 
characterize the time of onset and the thickness of  the 
double line that reappears after endarte'rectomy, and 
to test the hypothesis that its presence is associated 
with a lower incidence of carotid restenosis. 
MATERIALS  AND METHODS 
From January 1992 to June 1994, patients were 
included in a detailed B-mode ultrasound study of 
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carotid artery healing after endarterectomy. The 
study protocol consisted of scans at 2 weeks and 1, 2, 
3, 6, 9, 12, 18, and 24 months after surgery. The data 
were analyzed in September 1994. 
This effort was part of a larger study in which we 
attempted to correlate the B-mode appearances of 
atherosclerotic plaques with their histologic findings 
after removal. Therefore only patients who had 
undergone an extensive preoperative ultrasound 
study were included. Twenty-three consenting pa- 
tients from. the University of Washington and the 
Veterans Administration Medical Centers partici- 
pated in the study. Approval was obtained from the 
University's Human Subjects Committee before the 
study was begun. 
All examinations were performed by the same 
technologist (J.F.P.) with an Ultramark 9 HDI  du- 
plex scanner (Advanccd Technology Laboratories; 
Bothell, Wash.). A broad-band linear array ultra- 
sound scanhead (5 to 10 MHz) was used. Because the 
trailing edge (and hence, the thickness) of all lines 
detected with B-mode ultrasound is dependent on 
the gain and gray scale, 4'm a standardized procedure 
was used to adjust hese parameters.11 First, the dy- 
namic range was set at 60 dB with a linear postpro- 
cessing curve. Second, the time-gain control was set 
to fiat across the level of the carotid artery because no 
attenuation with depth is expected in the blood. Fi- 
nally, the color green was assigned to the lowest 
echogenicity range ( -  56 dB to -60  dB), and the 
overall image gain then was adjusted such that the 
flowing blood within the vessel lumen appeared 
green. The image of the lumen would then typically 
appear as a green "sparkle" because the echogenicity 
of flowing blood varies by more than 4 clB from 
image to image. 
A double line can only be detected when the ultra- 
sound beam is perpendicular to the blood vessel 
wall. 4a~ Thus, every attempt was made to image the 
carotid arteries with a 90-degree angle of insonation. 
The wall of the carotid bulb is curved and therefore 
cannot be insonated at a 90-degree angle for any 
significant length. We therefore chose to focus our 
attention on the distal common carotid artery 
(CCA), which has a straight wall and was consistently 
well visualized. 
At each examination, the distal CCA wall was 
assessed for the presence of a double line. A double 
line was defined as the presence of two straight and 
discrete parallel ines at least 1 cm long and separated 
by a clearly discernible cholucent zone. In normal 
arteries, the width of the double line as measured 
from the leading edge of the inner line to the leading 
edge of the outer line represents he combined thick- 
ness of the intima and media. This measurement is 
only valid when made on the far wall of the vessel.I~ 
For the sake of consistency, postoperative double- 
line thickness was also measured only on the far wall 
and at the same position on the CCA for all examina- 
tions. The proximal shelf and the anterior sutures 
used to close the arteriotomy served as fiducial and- 
marks to ensure that the measurement was made at 
the same position for each visit. The double-line 
thickness for each examination was determined from 
the glossy prints with a set of calipers. Three separate 
measurements were made and were averaged to ob- 
tain the final value for the width of the double line. 
The vessels were also evaluated for the presence of 
hemodynamically significant stenoses. Velocity spec- 
tra were obtained with a 60-degree angle of in- 
sonation and a 6 MHz Doppler flow detector. Only 
lesions that developed uring the course of the study 
were included for analysis. Because this is a 2-year 
study, it is assumed that most, if not all, of these 
lesions were caused by myointimal hyperplasia. 
Hemodynamically significant lesions were defined as 
those that developed peak systolic velocities greater 
than 125 cm/sec. The anatomic positions and the 
subsequent fate of these lesions (progression, regres- 
sion) were also documented. 
RESULTS 
A total of 24 carotid arteries in 23 patients were 
observed. Follow-up ranged from 3 to 24 months 
and averaged 14.7 months. The mean patient age was 
71 years, with a range of 61 to 83 years. Seventeen 
patients were male and six were female. Eleven of the 
24 carotid arteries (46%) were associated with 
preoperative symptoms referable to the territory 
supplied by that vessel, including seven with transient 
ischemic attacks and four with strokes. Thirteen were 
asymptomatic. Fourteen were on the left side and l0 
were on the right side. 
Fig. 1 is a schematic drawing of the most com- 
mon B-mode appearances of the far wall of the CCA 
after endarterectomy, and Fig. 2 shows two clinical 
examples. Because ndarterectomy involves removal 
of the intima and a portion of the media, the early 
studies are most often characterized by an easily 
discernible shelf at the site of plaque transection and 
no double line. With time, however, a new layer 
begins to form along the endarterectomized surface. 
As this layer matures, it often forms a distinct 
double-line pattern that closely resembles the pattern 
seen in normal arteries, and the proximal shelf 
becomes more obscured. In some patients, however, 
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Fig. 1. Typical B-mode appearances ofthe far wall of the distal CCA after endarterectomy. A, 
Postoperative pattern; B, new growth (not a double line); C, double line; D, carotid restenosis 
without double line. The most frequently observed patterns of progression through these stages 
were A to B to C and A to B to D. 
the material deposited becomes progressively thick- 
ened and fails to develop a distinct inner line or 
echolucent zone. These patients tended to form 
restenotic lesions. 
Table 1 shows that 21 of  24 carotid arteries 
(87.5%) reacquired the double-line pattern and did 
so at a mean time of 3.2 + 2.1 months (range, 0.5 to 
9 months) after endarterectomy. The proximal shelf 
was usually much less prominent by this stage. In 16 
of these vessels (76.2%), the detection of  the distinct 
double-line pattern was preceded by at least one 
examination i  which a layer of new growth could 
not be categorized as a double line. This stage was 
characterized by a layer with diffuse, soft echoes with 
variable thickness and no discrete inner line or easily 
discernible cholucent zone. The mean thickness of 
the double lines at initial detection and at several 
follow-up time~ is shown in Fig. 3. Mean double-line 
thickness increased from 0.65 mm at initial detection 
to 0.86 mm at 9 months and then decreased to 0.74 
mm at 24 months. This trend was not statistically 
significant. 
Once a double line was detected, it was consis- 
tently found in subsequent examinations. All but one 
of the patients who developed this pattern continued 
to demonstrate a distinct double line at the time these 
data Were analyzed. The exception was a patient in 
whom the double-line pattern became obscured at 
the time of carotid artery thrombosis. This event 
occurred 8 months after endarterectomy and was 
presumably related to a greater than 80% internal 
carotid artery (ICA) stenosis that was detectable 
immediately after surgery and was thus a technical 
complication. 
Five restenotic lesions (peak systolic velocity 
[PSV] >--125 cm/sec) developed in four patients 
during the study. All lesions developed near the 
margins of  the endarterectomy, at the so-called 
shelves. Three lesions were detected near the proxi- 
mal shelf and two near the distal shelf. None of  these 
lesions was _ 80% diameter-reducing (end diastolic 
velocity _ 140 cm/sec). The mean time of initial 
detection of  the stenoses was 4.9 months. Four of  five 
(80%) regressed such that their PSVs became less 
than 125 cm/sec, and the mean time at which 
regression was detected was 21 months. These lesions 
remain clearly detectable by B-mode imaging despite 
their associated reductions in PSV. 
Three patients developed hemodynamically sig- 
nificant stenoses near the proximal shelf. All were 
observed for at least 18 months and none exhibited 
a double-line pattern, even when regression was 
detected. These patients had all examinations per- 
formed on schedule, plus or minus 2 weeks. Their 
lesions have a diffuse echo texture, and the CCA distal 
to the lesion is covered by a variably thickened layer 
without a distinct inner line or echolucent zone. An 
additional patient developed a significant stenosis at 
the distal shelf (in the ICA) that was preceded by the 
detection of  a distinct double line in the CCA. Thus, 
restenotic lesions were not observed in the majority 
(20 of  21; 95.2%) of  arteries in which the recurrent 
CCA double-line pattern was detected, yet they were 
detected in all (3 of 3) vessels without a double line. 
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Fig. 2. Serial B-mode examinations of 2 patients at 2 weeks (A), 2 months (B), and 6 months 
(C). The left side is distal/craniad. Small arrows, first suture used to close arteriotomy (fiducial 
marker). Large arrows, endarterectomized surface just distal to proximal shelf. The patient on the 
left healed normally. At 2 weeks, no double line is present and proximal shelf is quite evident. 
At 2 months, double line is present and is thicker and more distinct at 6 months. A restenotic 
lesion developed in the patient on the right near the proximal shelf that appears to have been 
developing at 2 months and was hemodynamically significant at 6 months. A double line did 
not develop on the lesion or on the endarterectomized surface of the CCA, distal to the lesion. 
Carotid restenosis in general and common carotid 
restenosis especially was significantly more likely to 
be detected in vessels in which CCA double lines were 
not observed (p < .05, Fisher's exact est). 
DISCUSSION 
This is a pilot study, and its conclusions must be 
verified by looking at a larger number of  patients. 
Nevertheless, if it is true that the reemergence of a 
double line after carotid endarterectomy identifies an 
artery in which myointimal hyperplasia is less prone 
to develop, this information may be useful. We may 
be able to identify a subpopulation of patients that 
should have more frequent follow-up and that may 
benefit from pharmacologic therapy. Furthermore, 
we may now have a means of noninvasively measur- 
ing a response to that therapy before a hemodynam- 
ically significant lesion has developed. 
Few reports in the literature describe the B-mode 
ultrasound findings after carotid endarterectomy. 12-14 
These studies document the ability to visualize the 
proximal shelf of  the endarterectomy, loss of  the 
intimal layer in the operated segment, intimal flaps, 
and vascular clamp injury. The carotid artery after 
endarterectomy is an ideal model for ultrasound 
characterization of arterial wall healing given the 
superficial location of the vessel and the relatively 
focal, well-defined nature of the injury. 
Much of  what we know about the arterial injury 
response is based on studies in animal modelsJ s,16 In 
the rat injury model described by Clowes et al.,16 
passage of  a balloon catheter into the CCA strips 
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Table I. Development of double lines and carotid restenosis n 24 carotid arteries in 23 patients 
Time of DL detection Carotid restenosis Time restenosis detected 
Length of F/U (months) Distinct DL detected (months) detected (months) 
18 N NA Y (2 lesions) 6 (x2)  
24 N NA Y 2 
24 N NA Y 3 
8 Y 0.5 N NA 
18 Y 1 N NA 
6 Y 1.3 N NA 
3 Y 2 N NA 
4 Y 2 N NA 
6 Y 2 N NA 
6 Y 2 N NA 
18 Y 2 N NA 
24 Y 2 N NA 
24 Y 2.5 N NA 
24 Y 2.5 N NA 
3 Y 3 N NA 
12 Y 3 N NA 
12 Y 3 N NA 
24 Y 3 N NA 
24 Y 3 N NA 
24 Y 5 Y 7.5 
6 Y 6 N NA 
24 Y 6 N NA 
24 Y 6 N NA 
12 Y 9 N NA 
14.7 3.2 4.9 
Mean values listed in bottom row. 
Y, yes; N, no; NA, not applicable. 
away the endothelium and destroys approximately 
20% of the smooth muscle cells. Platelets then adhere 
to the vessel wall as soon as blood flow is restored. 
Proliferation of medial SMCs begins within 24 hours 
after injury, and after about 4 days, SMCs begin to 
migrate into the intima, where they continue to 
proliferate. Endothelial resurfacing begins almost 
immediately from the margins of the injured region. 
After 8 to 12 weeks, however, this regeneration stops 
spontaneously after about 1 cm of ingrowth and 
leaves the central injured portion uncovered. SMC 
proliferation ~tops ooner in regions that are covered 
by regenerating endothelium, but it eventually ends 
after 2 to 4 weeks even in uncovered areas. Thereaf- 
ter, the myointima is further thickened by the 
production of extracellular matrix, composed of 
collagen, elastin, and proteoglycan. After approxi- 
mately 3 months, the structure of the intima does not 
appear to change. At this point, the matrix accounts 
for 80% of the myointimal volume. 
To visualize and measure a double line with 
ultrasound, several conditions must be met. First, the 
creation of each line requires atissue interface with a 
sufficient change in acoustic impedance. Second, 
both interfaces must be oriented perpendicular tothe 
ultrasound beam. Third, the interfaces must be 
physically separated by a distance within the resolu- 
tion of the ultrasound instrument. Fourth, because 
the position of the trailing edge of each line is 
dependent on the gray scale and the gain, these 
settings must be optimized. Finally, the tissue be- 
tween the interfaces cannot be so reflective that no 
echolucent zone separates the lines. In the normal 
artery, the inner interface is between blood and 
intima, and the outer interface is between media and 
adventitia. 4'9'~~ Immediately after endarterectomy, 
only one distinct line is usually detectable. The only 
echoes reflected from the vascular wall are from the 
outer media and the adventitia. Because such a thin 
layer of media remains at this time, the blood-media 
interface cannot be separated from the media- 
adventitia interface. 
The results of this study indicate that most 
arteries will reacquire adouble-line pattern after en- 
darterectomy; this pattern is detectable ar a mean 
time of 3.2 months after surgery. Tire outer line in- 
this portion of the vessel is contiguous with the 
outer line of the nonendarterectomized artery and 
therefore represents the media-adventitia interface. 
The important question is how the new inner line 
is formed. It is likely that either a blood- 
endothelium or blood-SMC interface is creating this 
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Mean thickness 
(mm) 
initial 6 mo 9 mo 12 mo 18 mo 24 mo 
detect ion 
Fig. 3. Mean double-line thickness at time of initial detection (3.2 - 2.1 months) and at 
several postoperative times to 2 years. Error bars indicate 95% confidence intervals for the mean. 
The number of observations at each time interval is indicated on the columns. No statistically 
significant differences were found in mean double-line thickness. 
line. In animals, we know that the first 3 months 
after balloon injury are characterized by SMC pro- 
liferation, migration, and matrix deposition, is The 
resultant hickening of the media could create a 
separation of the blood-media nd media-adventitia 
interfaces sufficient to create a double line. Whether 
a layer of endothelial cells covers this normal fi- 
broproliferative response is unknown. 
It is tempting to speculate that the appearance of
a double line after endarterectomy represents cover- 
age of the endarterectomized surface by endothe- 
lium. In animal models of arterial healing, after 
combined injury to intima and media, endothelial cell 
resurfacing provides protection against he develop- 
ment of SMC proliferation and neointimal hyperpla- 
sia.16 Knowledge about he arterial injury response in 
humans, however, is sketchy because it is difficult o 
obtain tissue for examination. I f the source of new 
endothelium in humans (as in the animal model) is 
from the shelves, one would expect he shelf area to 
be protected from myointimal hyperplasia. All of the 
hemodynamically significant lesions observed in this 
study, however, were located near the shelves. It is 
possible that the shelves may be more susceptible to 
hyperplastic stenoses as a result of flow disturbances, 
or they may provide the most abundant source of 
injured SMCs (because a deep endarterectomy plane 
will result in removal of most of the SMCs within the 
confines of the endarterectomy). In a study of 32 
patients with recurrent carotid disease, however, 
Clagett et al. 19 found that the majority of restenotic 
lesions that required surgical reconstruction were not 
found at the shelves but rather were within the 
previous endarterectomy site, especially in the bulb 
and at the orifice of the ICA. Did these lesions 
develop because they were far removed from the 
source of the migrating endothelial cells? Alterna- 
tively, it may be that endothelial resurfacing in 
human beings also originates in the vasa vasorum and 
that no one site is more likely than any other to be 
covered by endothelium. 
Perhaps it is more important to consider why the 
arteries with recurrent stenoses tend not to form 
double lines. In Clagett's study, ~9 lesions excised 
within 3 years after endarterectomy exhibited a 
preponderance of SMCs surrounded by matrix 
(mostly proteoglycan), sparse mounts of elastic 
fibers, and virtually no calcification. The majority of 
these lesions also had a thin layer of adherent 
thrombus. A gradient of thrombus maturity was 
often present from the luminal side toward the-vessel 
wall side, with platelets in the superficial layers and 
organized thrombus at the transition zone with the 
fibromuscular proliferative process. Such a smooth 
gradient in tissue types from blood to fibromuscular 
tissue in place of a well-defined tissue interface with 
an abrupt change in acoustic impedance might make 
it impossible to discern an inner line. Furthermore, if 
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the ratio of  matrix to SMCs is increased in the arteries 
that demonstrate an exuberant f ibroproliferative r - 
sponse, the tissue may be more reflective, and a clear 
echolucent zone between the interfaces may be 
impossible to discern. 
Three vessels did not form double lines; all three 
formed restenotic lesions. It  is possible that a double 
line may have been transiently present between 
examinations and therefore not  detected. However,  
this is unlikely for two reasons. First, patients were 
examined frequently 9 Four  studies were performed 
before" the mean t ime o f  initial detection o f  the 
restenotic lesions (4.9 months) ,  and nine examina- 
tions were performed overall. Second, o f  the 21 
arteries that did develop double lines, transient 
double lines were not  observed. 
It  is unknown whether  the presence o f  a double 
line will have important  implications for other forms 
of  vascular econstruction, such as lower extremity 
autogenous vein bypass graft ing and angioplasty. 
Under  these circumstances, it is often more difficult 
to obtain a 90-degree view o f  these reconstructions 
with ultrasound, and, in the case o f  the long bypass 
graft, a large surface area would  need to be evaluated. 
One port ion o f  the graft may heal normally, whereas 
another may not. We have noticed that specific 
port ions o fsaphenous vein bypass grafts that initially 
did not have a detectable double line later developed 
a clear double-l ine pattern. Whether  these port ions o f  
the graft are less likely to develop hernodynamical ly 
significant lesions remains to be seen. 
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D ISCUSSION 
Dr. K. Wayne Johnston (Toronto, Ontario). Because 
as many as 20% of patients may have a recurrent stenosis 
after carotid endarterectomy, this is a relevant paper. 
Is accurate detection and measurement of the double 
line strongly dependent on the technologist and the 
machine? In this study, one technologist carried out all of 
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the studies. Also, a specific olor-coding scheme was used 
to identify the layers of the arterial wall. The use of the 
algorithm developed by Beach and his colleagues from 
Seattle certainly provides an appropriate dynamic range 
and allows good visualization, but can other machines 
reproduce these results? 
Second, with only 24 arteries tudied and with fewer 
than five samples in some groups, the results of the • test 
are suspect. Thus I agree with the authors that their data 
need to be confirmed by a larger number of cases and by 
studies carried out by more than one technologist and on 
more than one machine. 
Third, of the five arteries that developed a stenosis, 
three involved the common carotid artery. Has the value of 
125 cm/sec cutoff been validated as an appropriate cutoff 
to define a significant stenosis in the common carotid artery? 
Fourth, it is interesting that regression occurred in four 
of the five arteries that had a stenosis. This regression could 
be explained in two ways. First, do you think that the 
stenoses actually regressed, or did the artery remodel -  that 
is, di late-perhaps in response to changes in shear stress? 
Second, because stenosis was defined by a specific cutoff 
velocity measurement of > 125 cm/sec, do you think that 
some of the cases of stenosis or of regression simply 
represented the statistical or technical variation in the 
measurements that occur with any ultrasound technique? 
Fifth, and finally, the authors have suggested that "the 
development of a double line after endarterectomy repre- 
sents coverage of the endarterectomized surface, which 
appears to provide a protective boundary that inhibits the 
development of myointimal hyperplasia." I wonder if a 
more cautious conclusion would be that the development 
of the double layer boundary is associated with reduced 
restenosis? This subtle change, I believe, may be justified 
because the authors have not demonstrated the biologic 
mechanism that explains that there is a mechanistic link 
between the development of a new surface and the 
inhibition of stenosis. 
Further, it is important o determine whether the 
association between the double line and the reduced rate of 
restenosis could equally have been explained by other 
confounding variables such as gender, hyperlipidemia, 
extent of endarterectomy, patch or no patch, or others. 
Dr. Michael T. Caps. First, you commented on the 
image and how we set it up, and I think that's a critical 
question. The salient points of our image setup are, as you 
said, that we use a wide dynamic range to maximize 
contrast, and we also use the blood flowing within the 
carotid artery as a reference and assign to it the lowest 
echogenicity range within the dynamic range. Whether or 
not the assignment of color to the specific echogenicity 
ranges is important or not remains to be seen. I agree that 
we need to look at a lot more patients both with different 
scanners and with different echnologists. 
Your second comment regarded the use of the • test. 
A • test would not be an appropriate test to use with 
numbers of this magnitude. We used the Fischer's exact 
test, which is more appropriate to use under these 
circumstances. 
Your third question regarded the cutoffvelocity of 125 
cm/sec, and you're correct hat that cutoff has only been 
validated for the internal carotid artery. We don't have a 
separate set of criteria for common carotid artery stenoses, 
yet we haven't had any problems using this set of criteria for 
carotid restenosis. 
Fourth, you commented on the relatively high inci- 
dence of regression that we detected in this study, and 
indeed, both internal carotid arteries and two of the three 
common carotid artery lesions showed regression. I'd like 
to make it clear that all of  those lesions are still present on 
the ultrasound examination, yet they have regressed by 
velocity criteria. 
You commented that perhaps the arterial wall has 
remodeled as a result of increased shear stress. Another 
possible explanation is that if these arteries are indeed 
covered by an adherent layer of thrombus, perhaps the 
interplay between the fibrinolytic and the coagulation 
systems is at play here. 
Finally, the recurrence of a double line after endarter- 
ectomy may occur as a result of medial thickening and does 
not necessarily imply coverage of the endarterectomized 
surface. 
